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AJOR CHANGES have been occurring in the systems used to finance health care in the United States. Fee-forservice reimbursement rapidly is being replaced by a prospective, often capitated system. 1, 2 This new financial structure, combined with lower bed occupancy rates, has forced hospitals to compete not only along the traditional dimension of quality, but also along the dimensions of price and differentiation of service offerings. 3, 4 Since the introduction of the diagnosis related group (DRG) classification system for prospective payment from Medicare in 1983, adult medical care has been changing and adapting to these new financial realities. 5 Reimbursement patterns in pediatric medicine have been slower to change. It has been only in the last 5 years that a notable portion of the pediatric market began to shift from a fee-for-service to a prospective payment system. 2 This shift has caught many pediatric hospitals off guard, as little data exist to guide the development of prospective payment rates for pediatric diagnoses, [6] [7] [8] [9] although there is some evidence of improved accuracy in refinements of the DRG classification system for children. 10, 11 Our study explores 2 fundamental issues confronting pediatric tertiary care centers that enter competitive prospective contracts for common pediatric procedures or conditions: (1) how does the presence of patient chronic disease influ-ence resource utilization and length of stay (LOS) for common pediatric conditions? and (2) if children's hospitals (defined as either children's hospitals or academic pediatric tertiary care centers) provide care for common pediatric conditions, but treat a disproportionate number of these common conditions in complicated patients with 1 or more chronic diseases, what effect will this have on their financial solvency, when health care is financed prospectively in a competitive market?
To determine the financial influence of chronic disease on total charges and LOS, we estimated the influence of chronic diseases on a number of common pediatric conditions and procedures. The first objective was to test the hypothesis that the presence of a chronic disease increases the hospital LOS and resource utilization in selected routine pediatric admissions. Confirmation of this hypothesis would suggest that chronic disease adjusted case-mix should be accounted for when negotiating prospective payment contracts involving common conditions in pediatric populations, an item not usually included in pediatric contracts. 12 The second objective was to use these results to determine the financial influence of prospective payment schemes when differences in chronic disease rates across hospitals are not included in negotiated contract prices, a situation that may reflect the predicament in which many specialty children's hospitals throughout the United States presently find themselves. 13, 14 
MATERIALS AND METHODS

HOSPITAL AND PATIENT SELECTION
The 1991 and 1992 MedisGroups National Comparative Data Base (MediQual Inc, Westborough, Mass), was used for this study. It contained 259 358 pediatric admissions (patients aged 0-18 years). The MedisGroups' database included pediatric admissions to 163 hospitals during consecutive periods in 1990 and 1991. At least 4 months of data were available for each hospital. The hospitals chosen are a representative sample of MedisGroups clients, but are not a random sample of hospitals in the United States. The method of data collection has been described in detail elsewhere [15] [16] [17] [18] [19] [20] and consisted of detailed medical record abstraction for up to 3 hospital reviews occurring on admission, and possibly at mid stay and at discharge from the hospital or at death. Each review included up to a potential of 700 data elements called Key Clinical Findings that reflect the physical examination, medical history, and diagnostic laboratory test results that occurred during the hospitalization. MedisGroups is the predecessor to MediQual's current performance measurement system, Atlas, that was introduced in 1996. The reliability and validity of MedisGroups data collection compare favorably with other commonly used data collection systems, 17, 18 although the validation of the pediatric experience is more limited.
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CASE SELECTION
We selected all pediatric patients in the study database admitted to general or children's hospitals. Admissions were grouped by DRG, and the DRGs (using DRGs both with and without complication in a paired grouping) were ranked in decreasing order of frequency. Of the 30 most common DRGs, we selected 9 DRGs that generally represented simple, common pediatric problems. This selection resulted in a study data set of 30 379 patient admissions across 163 hospitals. A list of each procedure/condition grouping, and the associated DRG code is provided in Table 1 .
DEFINITIONS
Notable chronic diseases were defined as those concurrent diseases that impose additional clinical vulnerability in the patient, and that may, in turn, influence resource use.
As an independent arbiter of clinical vulnerability, we selected those chronic conditions or chronic diseases that were recommended by the American Academy of Pediatrics Committee on Infectious Diseases for influenza immunization. 22 This list serves as a proxy for clinical vulnerability, and therefore, we believe it is a good starting point for listing important chronic diseases that might adversely influence resource use. This list was supplemented with common neurologic diseases (seizures, cerebral palsy, and mental retardation), common birth defects (trisomy 21), and autoimmune diseases. Rare conditions were excluded, as the intent of the analysis was to identify important chronic disease categories for inclusion in prospective payment contracts, not to define the effects of all potentially important chronic diseases.
Patients were identified as having a specific chronic disease on the basis of either an appropriate International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code listed as 1 of the in-hospital discharge diagnoses, or a Key Clinical Finding 15, 16 that provides detailed clinical elements on the patient's hospital stay from initial review to discharge from the hospital. The MedisGroups Key Clinical Finding codes were used to supplement ICD-9-CM codes in the event that limited numbers of fields for the ICD-9-CM codes may have lead to an underreporting of chronic disease for some cases. Using both the ICD-9-CM and Key Clinical Finding codes, we increased our likelihood of identifying patients with the chronic diseases we selected. A list of each chronic disease group with the associated ICD-9-CM code or MedisGroups Key Clinical Finding is provided in Table 2 .
STATISTICAL ANALYSIS
Since distributions for LOS and hospital charge data are skewed, all LOS and charge data were transformed to the natural logarithm scale to create distributions that are closer to a normal distribution. For all statistical analyses, mean ( ± SD) and 95% confidence intervals were based on log scale values and transformed back to original units corresponding to the geometric mean for each category. The Student t test was used to compare differences in LOS and charges between chronic disease groups and those without chronic disease. When reporting average LOS and charges, we have chosen to report both the geometric and arithmetic mean. The arithmetic mean has the advantage in that it reflects the actual resources and charges experienced in this data
RESULTS
HOSPITAL CHARACTERISTICS
The analysis included 163 hospitals. There were 186 ± 202 study cases per hospital. The characteristics of these study hospitals are compared with all other acute care hospitals that provided pediatric inpatient care listed in the American Hospital Association's 1991 Annual Survey in Table 3 . The proportion of children's hospitals and the percentage of pediatric admissions in our sample were similar to the American Hospital Association sample of hospitals excluded from the study; however, the characteristics of the general and children's hospitals in our study showed many differences that were statistically significant. Among them, study hospitals tended to be larger, concentrated in more urban areas, were less likely to be for-profit, had higher nurse-to-bed ratios, had a higher technological mix, and engaged in more teaching than nonstudy hospitals in the American Hospital Association survey.
DESCRIPTION OF PATIENTS
The analysis included 30 379 patient admissions, of which 54.8% were males. The mean age was 7.2 ± 5.2 years. Of the 30 379 admissions, 4737 patients (15.6%) had at least 1 of the selected chronic diseases. In the tables to follow, a set. The geometric mean has the advantage in that outlier observations are deemphasized in the calculation; the resulting distributions are normally distributed and produce more correct statistical tests. Characteristics of the study hospitals were compared with those of the general and children's hospitals as represented in the 1991 American Hospital Association Annual Survey 23 using the Student t test or the 2 test.
FINANCIAL ANALYSIS
We compared the estimated profit margins of children's hospitals with those of general hospitals when contracts do not differentiate between patients with or without chronic diseases. It was assumed that the insurer's contract price () for a given condition or procedure (with and without chronic diseases) reflects the lower of either the children's hospital or the general hospital's average cost for treating the acute condition or performing the acute procedure. This pricing may occur if, for example, the insurer knew the costs at both hospitals and had the market power to enforce the minimum price. This assumption may help approximate the situation where general hospitals may offer bids close to their marginal cost in fear that another general hospital may enter the market as a close substitute, and children's hospitals may offer bids close to their marginal costs since they are forced to engage in competitive contracts to maintain the large volume of patients needed for their size of operation.
Since each hospital has a mix of both patients with no chronic illness (N) and patients with chronic illness (C), we would expect to observe: π N ΠϽπ C , where π N and π C represent the total cost of care for patients with a specified disease or procedure with no chronic disease ( N ) and with at least 1 chronic disease ( C ). The number of cases at the children's hospital equals the number of cases with chronic disease (C C ) plus the number of cases without chronic disease (C N ), and similarly, the number of cases at the general hospital is G C + G N . We also assume that the children's hospital and the general hospital face identical costs when treating identical patients, and that the cost of care is a function of the procedure/condition and the presence of a chronic disease. Hence, the price that the children's hospital would offer to treat a given disease would be the average cost of treating all patients with that disease (with and without chronic diseases) at that hospital, or {[C C C + C N N ]/(C C + C N )}, and the price offered by the general hospital to treat the same disease would be
Revenue at each hospital is defined as the number of patients receiving care with and without chronic diseases multiplied by the contract price per case. The cost to hospitals is assumed to be the price of caring for patients with and without chronic diseases ( C and N ) multiplied by the numbers of patients with and without chronic diseases. Profit for the hypothetical children's hospitals or general hospitals is defined as the difference between revenue and cost.
In the analysis, it was assumed that the cost-tocharge ratio across hospitals and conditions was uniform, so charges were used as a proxy for costs. The use of charges, rather than costs, was deemed appropriate as long as the cost-to-charge ratio did not vary systematically within disease categories across groups of patients with and without chronic diseases. Since the primary analytical focus concerned the relative costs of caring for a similar patient with and without chronic diseases, costs could be substituted for charges without biasing the analysis, under the assumption of a constant cost-to-charge ratio 24 ; however, it is possible that charges may sometimes overestimate costs for longer hospitalizations, resulting in overestimates of costs for patients with chronic illness. We also report an analysis that subtracted 40% of the average costs per day when LOS in the chronically ill group exceeded the LOS in the group without a chronic disease. 25 In such an analysis the estimate of increased cost for caring for the chronically ill is adjusted downward, since longer LOS may not always imply proportionally greater costs if little treatment is performed, or few resources used, in the last days of a hospitalization. [25] [26] [27] [28] We consider a situation in which only 2 hospitals are competing in a single market, one is a children's hospital, and one a general hospital. All the pediatric cases are shared between these hospitals, and it is assumed that equal numbers of pediatric patients are admitted to each hospital for the condition or procedure of interest. The overall percentage of patients with chronic disease in the common patient population analyzed in our study is assumed to be 15.6%, as empirically determined from our database. Based on these simplifying assumptions, we model the perpatient profit or loss in children's and general hospitals as a function of each hospital's share of patients with chronic illnesses. For a more detailed description of the model, see Appendix.
description of specific patient conditions and procedures is presented with their associated LOS and charge data. Table 4 provides the geometric mean LOS for all procedures and conditions according to each chronic disease category. Of note, patients with cerebral palsy displayed a 48% increase in LOS compared with those without a chronic disease (PϽ.001). Patients with major organ disease (cystic fibrosis, kidney or liver disease) displayed a 54% increase in LOS (PϽ.001) compared with those without chronic disease. Table 5 compares the arithmetic and geometric mean LOS among all patients with a specific condition or procedure with values calculated for patients without chronic disease and with at least 1 chronic disease. Across all conditions, patients with chronic diseases had a longer LOS than patients without a chronic disease, although LOS differences for concussion, croup, appendicitis, and cellulitis failed to reach statistical significance. Table 6 provides the arithmetic mean charge for all procedures and conditions according to each chronic disease group. The most expensive chronic disease group, major organ disease (cystic fibrosis, kidney or liver disease), showed a 79% increase over those patients without a chronic disease (PϽ.001). Patients with cancer showed a 71% increase over those without a chronic disease (PϽ.001).
LENGTH OF STAY
CHARGES
The relationship observed between chronic disease and hospital charges was similar to that observed between chronic disease and LOS. The mean hospital charges for each procedure/condition group are displayed in Table 7 . The presence of chronic disease increased hospital charges for all conditions studied. We report both arithmetic and geometric mean values, the former reflecting all patients equally, the latter allowing for a decreased influence from patient charge outliers. Use of the geometric mean, through reducing the influence of outliers, may better reflect a hospital's ability to pass on extreme charge outliers through reinsurance contracts. The geometric mean hospital charge for patients without chronic diseases was $2041 per admission compared with $2632 for patients with at least 1 chronic disease, a difference of $591 per patient (PϽ.001). The arithmetic mean hospital charge for patients without chronic diseases was 
PATIENTS WITH MULTIPLE CHRONIC DISEASES
Of the 4737 patients with chronic disease, our study identified 1072 patients (22.6%) with 2 or more chronic diseases, occurring predominantly in the gastroenteritis (n = 261) and pneumonia (n = 536) groups. Overall, these patients had 31.2% longer LOSs than those with just 1 chronic disease and 58.5% higher charges. Admissions associated with more than 1 chronic disease accounted for 27.8% of hospital days for the chronically ill, and 31.7% of the total hospital expenditures on chronically ill children with common acute conditions. Patients with multiple chronic diseases experienced greater charges than did those with a single chronic disease. Patients with 1 chronic disease had a mean (arithmetic) charge of $3235 compared with $5126 in patients with 2 or more chronic diseases (PϽ.001).
FINANCIAL ANALYSIS
Change in per-patient profit or loss at the children's hospital and general hospital was a function of the relative percentage of patients with chronic diseases treated at the children's and general hospitals. Table 8 displays profit and loss for the children's hospital by the percentage of the population of patients with chronic disease treated at the children's hospital rather than the general hospital. If children's hospitals care for 75% of the patients with chronic illnesses and acute conditions, the loss per acute condition is 2.13% per case, based on the geometric mean and up to 2.86% per patient when using the arithmetic mean (fully counting outlier charges). Adjusting for the possible bias in cost-to-charge due to long LOS, the loss per patient is 1.5% per case (geometric) and 2.0% (arithmetic). The Figure focuses on an especially costly group: patients admitted for pneumonia. Since it is assumed that the insurer pays the lower of the 2 average cost figures from either hospital, and that the cost structures of the 2 hospitals are a function only of their percentage of patients with and without chronic disease, there is no "excess" profit for either the children's or general hospital. Loss occurs in treating pneumonia when either hospital acquires a disproportionate share of patients with chronic illness and pneumonia, since treatment costs for pneumonia are higher in patients with a chronic illness than in those without a chronic illness. If children's hospitals care for 75% of the patients with chronic illness and acute pneumonia, the loss per case of acute pneumonia is 4.1% (geometric) and 5.85% (arithmetic). When we adjust for the possible bias in cost-to-charge ratios based on formulas relating to LOS, we get a loss of 4.0% per case (geometric) and 5.0% (arithmetic).
COMMENT
Providing hospital care to pediatric patients admitted for common procedures and conditions is more costly when a child has a chronic disease. In a recent study of pediatric Medicaid expenditures in Washington State, Ireys et al 12 found that patients with chronic illnesses (defined in a manner similar to our study) represented 5.9% of this population, and that patients with 1 or more chronic conditions had, on average, more than a 4-fold increase in total yearly Medicaid expenditures, of which approximately half of these expenditures were for inpatient services. Similar trends have been observed in adults with chronic disease. 29 Our figure of 15.6% of pediatric hospital admissions being composed of patients with chronic illnesses is consistent with the Washington State experience. Not surprisingly, our study identified both meaningful and statistically significant increases in LOS and total hospitalization cost, as reflected through charges, 24 when hospitalization for a routine pediatric condition or procedure is accompanied by a chronic medical condition. The size of the effect of chronic disease varied, depending on the specific underlying procedure or condition, but was found to be important for most of the conditions noted in the study.
Newacheck and Taylor, 30 using data from the 1988 National Health Interview Survey, reported that approximately 31% of children have some chronic disease. Only 5% of these patients had severe conditions; however, these 5% accounted for 33% of hospital expenditures for patients with chronic illnesses as a whole. Newacheck and Stoddard 31 have reported approximately 5% of patients had 2 or more chronic diseases, similar to the figure we found in our study. Our study shows that the 3.5% of admissions associated with more than 1 chronic disease accounted for 27.8% of hospital days for patients with chronic illnesses, and 31.7% of the total hospital expenditures on children with chronic illnesses and common acute conditions. One may conclude that patients with chronic illness, either in the hospitalized population (as in our study), or in the population as a whole (as in the Ireys 12 or Newacheck 20,31 studies) represent a nonhomogeneous group of considerable size, with notable effect on total pediatric expenditures.
Market changes are creating new difficulties in securing adequate funds for the care of chronic illness. Neff and Anderson, 14 citing data from the National Association of Children's Hospitals and Related Institutions, point out that children's hospitals or hospitals that have postgraduate pediatric residency programs account for only 5% of hospitals, yet these hospitals admit 70% to 80% of the more complex chronic pediatric health conditions. A major distinguishing feature between pediatrics and adult medicine is the high concentration of pediatric specialists at children's hospitals, where for some specialties there are almost no practitioners at community hospitals.
14 Therefore, the complex patients of specialists, often with chronic diseases, tend to be admitted to children's hospitals. To prevent market failure, Neff and Anderson have argued for "carve-out arrangements" and risk adjusters that take into account the higher than average costs of caring for children with chronic diseases. This will make possible adequate payments for health care plans that care for these patients and reduce the possibility that children with chronic illnesses will receive inappropriate care. 14(p1869) The model developed in this analysis is simple, yet, we believe useful in helping one understand the problems faced by children's hospitals or tertiary care centers specializing in pediatrics. By providing examples of per-patient loss, we believe the model helps us understand the magnitude of the problem outlined by Neff and Anderson from the perspective of the hospital. Faced with a loss per patient, the model suggests that hospitals may improve their economic situation by discouraging the admission of patients with chronic illnesses. This may be financially the right course to take, but would subvert the mission of children's hospitals. A preferred solution would be to ensure that the market price for acute conditions and procedures properly reflects the cost of providing such services, so that there is no disincentive to care for patients with chronic illnesses.
Whenever contract prices do not reflect the full cost of care, market forces will cause some undesirable effects. The problem of unaccounted costs of chronic diseases occurs in adult medicine, but on a slightly smaller scale since chronic conditions are more common in adult medicine and have demanded more attention. 14 Medicare's DRGs theoretically account for the major comorbidities of elderly patients. These reflect *Geometric mean and 95% confidence interval (95% CI) based on log scale values transformed back to length of stay expressed as days. †Student t test, compared with no chronic disease groups, using log-transformed data.
some of the increased resource utilization needs of patients with chronic disease; however, asymmetries in severity and case-mix continue to be a problem, [32] [33] [34] [35] and as competition increases throughout the hospital sector, such asymmetries in disease burden will cause problems similar to those described here, for all tertiary care hospitals. [36] [37] [38] The market forces resulting from an asymmetric financial burden of disease may act to correct this disparity among hospitals in ways that are not necessarily in the best interest of society, and certainly not in the best interests of patients with chronic illnesses. Health economist Mark V. Pauly, PhD, has recently described an analogous problem concerning care for the uninsured. As he points out, " . . . hospitals with a heavy charity care . . . load may therefore find it impossible to provide care that they cannot avoid while still covering their costs. These firms will then cease to exist. The nonpaying patients who used to use these hospitals will go to other hospitals. . . ." 39(p359) Pauly goes on to predict that the uninsured will be distributed more evenly over the remaining hospitals, and that the care provided at these hospitals will be of lower quality. A similar argument could be made concerning the consequences of uncompensated care associated with treating patients with chronic illness.
While children's hospitals need not exit the marketplace, one may expect they would either move to reduce the number of patients with chronic illness that they care for or lower their expenditures on these patients through lower quality of care. There are many ways to lower the quality of care provided to patients with chronic illness. Ireys et al 40 have outlined several major areas of concern regarding the adequacy of the current health service system for children with disabilities and chronic illnesses. Indicators of quality erosion may be found not only by studying the content of care, but also changes in the goals for care. Downward revisions of expectations may be an insidious method of cost reduction. Areas of concern can be manipulated by hospitals to save resources, yet in the long run, erosion of related services may lead to lower quality and worse outcomes. These observations should be significant for children's hospitals negotiating changes in their third-party contractual relationships. In the new capitated environment, children's hospitals, by necessity, require a far larger population of households to support their infrastructure than most adult hospitals, since the need for hospital services is far less frequent in childhood than in old age. Given the financial necessity at the children's hospitals for a sufficient volume of patients to maintain viable tertiary care and teaching programs, children's hospitals must enter competitive contracts with insurers, often offering the same price as the general hospitals for services performed at both hospitals.
14 If market contracts for common procedures and conditions do not include chronic disease adjustments, children's hospitals will be placed at a financial disadvantage, precisely because the mission of most children's hospitals and pediatric tertiary care facilities is to provide care for the most complicated patients.
Our analysis likely underestimated the problems facing children's hospitals. Charges in this analysis reflect resource utilization at general hospitals since most of the admissions in our study were to general hospitals. Thus, the analysis did not fully account for increases in service intensity at the children's hospital, that would increase the resource utilization, and hence, cause even greater loss for children's hospitals than those described in Table 8 . Our analysis also did not address quality of care, and provided no premium for increased technological investment that may be required to treat specific pediatric populations. 41, 42 This analysis was limited to common pediatric problems. The observed effect of chronic disease on resource utilization may actually be stronger for conditions with lower incidence, which are even more likely to be treated at specialized children's hospitals. Children with rare conditions and chronic diseases are, with high probability, referred to, and remain in, the children's hospital systems. By concentrating on common procedures, we have likely underestimated the potential difficulties facing children's hospitals. Furthermore, by not defining all chronic diseases in our study population, we have overestimated the charges associated with the patients "without" chronic disease because this group reflects some patients who *Geometric mean and 95% confidence interval (95% CI) based on log scale values transformed back to total charge in dollars. †Student t test, compared with no chronic disease groups, using log-transformed data.
do have chronic disease. The difference between costs is likely greater than we estimated and hence children's hospital losses are also likely greater than we estimated.
CONCLUSIONS
Children's hospitals should see a disproportionate share of patients with chronic disease. Our study has shown that for common acute conditions, children with chronic disease are more expensive to care for in the hospital than children without a chronic disease. Children's hospitals will not succeed in solving their financial problems by entering into high-volume contracts simply defined by the acute condition or procedure. Hospitals that care for a greater percentage of children with chronic conditions must seek contracts that better reflect the increased resources needed to treat such patients-even for common acute conditions and procedures. If not, market forces will act to change the mission of children's hospitals, either by reducing access of the chronically ill to children's hospitals or by lowering the quality of care provided at these hospitals.
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APPENDIX
We assume that there are 2 hospitals, a children's hospital (C) and a general hospital (G). The total number of pediatric patients seen at the children's hospital is a mixture of patients with chronic disease (C C ) and those with no chronic disease (C N ), while the total number of pediatric patients seen at the general hospital is a mixture of patients with chronic disease (G C ) and those with no chronic disease (G N ). We will refer to C C , C N , G C , and G N as fractions of 100% of the pediatric admissions in the town. Hence: C C + C N + G C + G N = 1.0.
Furthermore, we will assume that the total number of patients at the children's hospital is equal to the total number of patients at the general hospital, so that: C C + C N = G C + G N = 0.5.
The overall rate of chronic disease in the population (for a given disease or group of diseases) is defined as k, where k = C C + G C and the percentage of patients with chronic diseases who are treated at the children's hospital is defined as M, where: M = C C /(C C + G C ) = C C /k.
We can solve for the value of C C , C N , G C , and G N if values of k and M are specified. The above equations yield the following solutions: C C = kM; C N = 0.5 -kM; G C = k (1-M) ; and G N = 0.5-k(1-M).
We assume 1 insurer pays for all pediatric visits, and each hospital will contract for specific diagnoses. The final contract price offered by the insurer () will be the minimum average cost of treating all patients with a specified acute condition for either the general or children's hospital.
Profit equations, where profit at the children's hospital is defined as P C and profit at the general hospital is defined as P G are as follows: P C = {[( -C †This method assumes that the full cost of all patient outliers is paid by the hospital.
